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UV Radiation Induces the Epidermal Recruitment of
Dendritic Cells that Compensate for the Depletion of
Langerhans Cells in Human Skin
Amine Achachi1,2,6, Marc Vocanson1,2,6, Philippe Bastien3, Josette Péguet-Navarro4, Sophie Grande5,
Catherine Goujon5, Lionel Breton3, Isabelle Castiel-Higounenc3, Jean- François Nicolas1,2,5,6 and
Audrey Gueniche3,6
UVR causes skin injury and inﬂammation, resulting in impaired immune function and increased skin cancer
risk. Langerhans cells (LCs), the immune sentinels of the epidermis, are depleted for several days following a
single UVR exposure and can be reconstituted from circulating monocytes. However, the differentiation
pathways leading to the recovery of a normal pool of LCs is still unclear. To study the dynamic changes in human
skin with UV injury, we exposed a cohort of 29 healthy human volunteers to a clinically relevant dose of UVR
and analyzed sequential epidermal biopsies for changes in leukocyte and dendritic cell (DC) subsets. UV-
induced depletion of CD1ahigh LC was compensated by sequential appearance of various epidermal leukocytes.
CD14+ monocytes were recruited as early as D1 post exposure, followed by recruitment of two inﬂammatory DC
subsets that may represent precursors of LCs. These CD1alow CD207− and the heretofore unknown CD1alow
CD207+ DCs appeared at day 1 and day 4 post UVR, respectively, and were endowed with T-cell–activating
properties similar to those of LCs. We conclude that recruitment of monocytes and inﬂammatory DCs appear as
a physiological response of the epidermis in order to repair UVR-induced LC depletion associated with immune
suppression.
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INTRODUCTION
Dendritic cells (DCs) have a key role in the induction of
adaptive immunity as well as in immune tolerance (Shortman
and Naik, 2007; Steinman and Banchereau, 2007; Merad and
Manz, 2009; Geissmann et al., 2010). Within the skin,
Langerhans cells (LC) represent a unique and specialized form
of DCs that are thought to mediate the key functions of the
skin in providing mucosal immunity as well as mediating
immune tolerance (Valladeau and Saeland, 2005). Consistent
with their role as specialized antigen-presenting cells, LCs in
the basal and suprabasal layers of the epidermis express HLA-
DR, CD1a, and CD207 (langerin) (Valladeau et al., 2000).
When alerted by danger signals, LCs undergo a complex
activation/maturation process leading to their migration
toward draining lymph nodes via lymphatic vessels. Mature
LCs show increased expression of HLA-DR and costimulatory
molecules and can prime naive T cells (Valladeau and
Saeland, 2005; Steinman and Banchereau, 2007).
UVR has a considerable impact on skin homeostasis
(Ullrich and Byrne, 2012) not only due to DNA damage
and mutations but also through both local and systemic
immune suppression that may lead to skin cancer or
infections (Kripke et al., 1977; Ullrich, 2005; Norval and
Halliday, 2011). Indeed, exposure to a single UV dose sup-
presses a wide variety of immune responses to contact
allergens, viral, bacterial, or tumor antigens (Takashima and
Bergstresser, 1996; Fisher and Kripke, 1977; Halliday, 2005).
UVR leads to the production of reactive oxygen species,
neuropeptides, and cytokines, all of which contribute to the
impairment of skin DC antigen-presenting functions (Ullrich,
2005) (Ullrich, 1995). More importantly, UVR-induced skin
inﬂammation is responsible for two signiﬁcant, interrelated
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cell trafﬁcking changes in the epidermis that can promote
transient local immunosuppression. First, epidermal LCs
emigrate to draining lymph nodes starting a few hours/days
following UV exposure, with a resultant decrease in the
number of LCs that can persist up to 4 weeks before recovery
of a normal epidermal LC pool. Second, at the same time,
monocytes are recruited to the skin, where they seem to
mediate immunosuppressive functions through activation of
suppressor T cells and secretion of IL-10 (Meunier, 1999).
Although UVR-induced LC depletion has been widely
studied in both preclinical models and humans, very little is
known about the pathways leading to the recovery of a
normal pool of LCs. Studies in mouse models have shown that
the factors involved in LC homeostasis depend on the
condition of quiescence or inﬂammation of the epidermis
(Merad et al., 2002). Under steady-state conditions and
following weak inﬂammatory skin injuries, LC homeostasis is
sustained by a stable renewable bone marrow–derived LC
population present in the skin (Merad et al., 2002) or by the
differentiation of an LC precursor found in the hair follicles
(Gilliam et al., 1998; Nagao et al., 2012). In contrast,
following strong inﬂammatory signals, LCs are repopulated
by circulating monocytes that are rapidly recruited within
hours/days post exposure (Ginhoux et al., 2006; Sere et al.,
2012; Chopin et al., 2013). In humans, similar data support
that exposure to acute UVR results in an initial and transient
decrease in LC numbers rapidly, followed by the recruitment
of monocytes, which are found as early as 6 hours post UVR
exposure in the dermis and 72 hours post exposure in the
epidermis (Baadsgaard et al., 1987; Meunier et al., 1995;
Kennedy Crispin et al., 2013). Hence, it has been postulated
that in humans, similar to mice, circulating monocytes are the
LC precursors in an inﬂammatory context. However, we still
have limited knowledge on the kinetics of repopulation of
epidermal DC post UVR exposure and on the differentiation
pathways leading to the recovery of a normal pool of LCs in
human epidermis. The challenge in addressing these
questions is the difﬁculty in studying human skin DC
subsets in clinical trial rather than in cultures of primary
cells from digested skin or in inducing DCs from hemato-
poietic precursors in vitro, which may not fully recapitulate
interactions in the skin.
To deﬁne the effect of acute injury and inﬂammation on DC
development and function in situ, we utilized solar-simulated
UV exposures of human skin to model the impact of UVR on
the phenotype and function of epidermal cell subsets in
healthy human volunteers (Figure 1a). Through sequential
analysis of the evolving inﬂammatory response, we provide
further evidence that monocytes recruited to the epidermis
serve as precursors to replenish LCs, which undergo a
transient depletion following UVR. In addition, we demon-
strate the development of two inﬂammatory DC subsets
during the recovery of UV-induced epidermal inﬂammation.
Taken together, our results illustrate the changes that occur as
a physiological response to correct UVR-induced LC deple-
tion and the associated immune suppression.
RESULTS
UVR-induced skin inﬂammation leads to acute cytokine
production and rapid leukocyte recruitment in the epidermis
At D1, a signiﬁcant production of the pro-inﬂammatory
cytokines IL-6, tumor necrosis factor-α (TNF-α), and IL-8 and
of the anti-inﬂammatory cytokine IL-10 was observed in UV-
exposed skin (Figure 1b). IL-6 peaked markedly at D1 and
remained signiﬁcantly elevated until D10, along with less
intense but prolonged elevation of IL-10 and TNF-α. Although
IL-1β, IL-12p40, and CCL2 were detectable in blister ﬂuids,
levels of these pro-inﬂammatory markers did not differ with
UVR (data not shown). Along with cytokine production, UVR
induced the recruitment of leukocytes to the skin. To account
for differences in the surface area of epidermis recovered from
the suction blisters, values were normalized to total epidermal
cells per sample. At D1, a 50% mean increase in epidermal
CD45+ cells was seen in UVR-exposed skin (Figure 1c).
Similar to cytokine production, leukocytes persisted in UV-
exposed tissue until D10, suggesting recruitment and reten-
tion of activated leukocytes after UVR-induced injury.
CD14+ monocytes rapidly inﬁltrate human epidermis following
UVR
UVR induced the rapid epidermal recruitment of inﬂamma-
tory monocytes/macrophages (CD14+, CD36+, CD206+, and
CD163+; Hogger et al., 1998; Zaba et al., 2009; Figures 2a
and d), which reached maximal level at D1 and remained
signiﬁcantly elevated at D4 and D10 (Figure 2b). Besides
monocytes/macrophages (here, referred to as monocytes),
other non-antigen-presenting cell cells were also found to
inﬁltrate UV-exposed epidermis and comprised primarily
T cells (Supplementary Figure S1 online) that were rapidly
recruited beginning D1 post exposure (Supplementary Figure
S1C online). Because monocytes have been shown to be LC
precursors in inﬂamed epidermis (Merad et al., 2002;
Ginhoux et al., 2006), we analyzed this population for
CD1a and CD207 expression. In 70% (19/27) of patient
samples, a signiﬁcant elevation of inﬁltrating monocytes was
observed, based on the percentage of monocytes in CD45+
cells (Figure 2b). Further marker typing of the gated CD14+
CD36+ monocytes from these individuals showed a notable
proportion of CD1a+ epidermal monocytes at D1 and D4
with development of a CD1a+CD207+ monocyte subset on
D4 (Figure 2c). These changes were observed in 75% of tested
UVR-exposed epidermis (15/19 subjects). These data indicate
that inﬂammatory monocytes rapidly inﬁltrate the epidermis
and progressively acquire LC markers within the days
following UVR.
UVR induces activation and depletion of LCs
Given the observed inﬂux of monocyte precursors for LCs, we
also examined the kinetics of LC development and maturation
in UV-exposed skin. Before UVR (D-7), LC (CD1ahigh CD207+)
represented the vast majority (490%) of CD45+ epidermal
cells in almost all 27 volunteers (Figure 3a). UVR induced a
marked LC depletion, resulting in an average 50% decrease in
epidermal LC relative count at D4 (Figure 3b). By D10,
epidermal LCs showed signs of recovery, although not to the
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initial steady-state numbers. UVR also promoted a potent
activation of LC manifested by an increase in HLA-DR and
CD86 expression beginning at D1 (Figure 3c). As no
signiﬁcant change in LC apoptosis was found when compar-
ing UV-exposed versus unexposed LC over time (data not
shown), we conclude that UV-induced LC depletion was
mainly the result of migration of LC outside the epidermis.
Thus, UV exposure generates skin inﬂammation that leads to
profound changes in the epidermal leukocyte subsets
characterized by early (D1) recruitment of CD45+ leukocytes
followed by late (D4) migration of activated LC out of the
epidermis.
Two distinct DC subsets are recruited into the human epidermis
following UV exposure
During the course of leukocyte recruitment and LC activation
and migration, we noted that additional DC populations
appeared in the skin upon UV exposure. Two CD1alow DC
subsets were found in UV-exposed epidermis at D1 and D4
(Figures 4a and b). At D1, we observed the development of a
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Figure 1. UVR triggers the release of cytokines/chemokines and the afﬂux of CD45+ cells into the epidermis. (a) Design of the two clinical studies and collected
skin samples. The upper panel shows the ﬁrst study involving 27 human and suction blisters. Minimal erythema dose (MED) was determined at day-7, 1 hour after
performing suction blisters on normal skin. The lower panel shows the second study involving 2 human subjects and skin biopsies. MED was determined at day-7.
(b) Time-course release of IL-6, IL-8, IL-10, and tumor necrosis factor-α in the suction blister ﬂuids from unexposed (control; white bars) and exposed skin areas
(UV; black bars). The bars show the mean± SD cytokine levels (pg ml−1) from the 27 healthy volunteers. (c) Time-course quantiﬁcation of the viable CD45+ cells
in exposed (D+1–D+10) versus unexposed epidermis. Results are expressed as the mean± SD ratio of the percentage of viable CD45+ hematopoietic cells in
exposed (UV-EC) versus unexposed (C-EC) epidermal cells from the 27 volunteers.
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subset of CD1alow CD207− DCs expressing CD1c and CD206
(Figures 4a and c) that has been previously identiﬁed as
inﬂammatory dendritic epidermal cells (IDECs) in patients
affected with inﬂammatory skin diseases (Wollenberg et al.,
1996, 2002). More importantly, at D4 we discovered a
hitherto undescribed CD1alow DC subset that was CD1c+
CD206+, similar to IDECs, but also expressed CD207 (Figures
4a and c); because of this expression proﬁle, we propose to
refer to these inﬂammatory Langerhans epidermal cells as
“Pre-LCs”. Kinetic analysis of the percentages of epidermal
LCs, IDECs, and Pre-LCs following UVR exposure reveals that
LCs ﬁrst decreased at D1 to D4, whereas IDECs began to
inﬁltrate the epidermis at D1 and reached a peak at D4
(Figure 4b). At D10, LCs recovered to near-normal values,
whereas IDECs remained weakly but signiﬁcantly detectable.
In contrast, Pre-LCs were detected only at D4 (Po0.002) and
declined markedly at D10 (Figure 4b).
The time course of IDEC and Pre-LC inﬁltrates suggested
that the two cell subsets might develop sequentially from a
shared precursor. To investigate their origins, we looked for
correlations between the levels of the different leukocyte
subsets inﬁltrating the epidermis. Regression analysis failed to
show any correlation between IDEC inﬁltration and either
monocytes or T-cell inﬁltrates at D1 (Figure 5a). However, at
D4, we found a signiﬁcant correlation between monocytes
and IDECs (P= 0.043) as well as monocytes and Pre-LCs
(P=0.013). Moreover, levels of IDEC and Pre-LC inﬁltration
were most strongly linked (Po0.001) (Figure 5b). Together
with the kinetic data, regression analysis indicates that
monocytes, IDEC, and Pre-LC subsets are interrelated at D4
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Figure 2. Monocytes inﬁltrate the UV-exposed epidermis. (a) Epidermal cells were collected from unexposed (Control) or exposed (UV) skin samples and
selected as a viable CD45+CD14+CD36+monocyte population using ﬂow-cytometry gating. (b) Time-course analysis of monocyte recruitment in unexposed
(Control) versus exposed (UV) epidermis. Data are expressed as percentage of cells in the viable 7AAD− CD45+ cell population from the 27 volunteers, and the
mean at each time point is represented by a bold dash. (c and d) Phenotype of CD14+CD36+ monocyte population: (i) expression of Langerhans cell markers
(CD1a and CD207) at day 1 (D1) and D4 post UVR (c); (ii) expression of dermal dendritic cell (DC; CD1c) and monocyte (CD206, CD209, CD163) markers at D4.
Graphs show marker expression in a representative individual.
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and suggests that monocytes could be a precursor to IDECs
and Pre-LCs. More importantly, the signiﬁcant correlation
between IDECs and Pre-LCs suggests that IDECs, which
appeared from D1, might be the precursor for D4 Pre-LCs.
IDECs (CD1alow CD207− CD206+) and Pre-LCs (CD1alow
CD207+ CD206+) display signiﬁcant allostimulatory function
Epidermal DCs are functionally deﬁned in vitro by their
unique capacity to induce allogeneic T-cell proliferation in a
mixed epidermal cell-lymphocyte reaction. Thus, we per-
formed Mixed epidermal cell-lymphocyte reactions using
IDEC, Pre-LC, and monocyte subsets recovered from UV-
irradiated skin at D4 (see Figure 4), and we compared their
allostimulatory functions with that of LCs isolated from control
and UV-exposed tissue (Figure 6). As expected, epidermal LC
extracted from unexposed (control) epidermis and LCs
extracted from UV-exposed epidermis induced potent T-cell
proliferation (stimulation index (SI):12 and SI:7, donor 2),
respectively), whereas monocytes only induced weak T-cell
proliferation (SI:1.8 (donor 2); Figure 6). Notably, IDECs
mediated a T-cell proliferation response equivalent to LCs
extracted from UV-exposed epidermis (SI:8, donor 2),
whereas the proliferative response recorded for Pre-LCs was
even higher (SI414, donor 2)), similar to the proliferation
found with LC extracted from unexposed (control) epidermis.
Taken together, our data indicate that IDECs and Pre-LCs are
potent functional DCs that develop in UVR-inﬂamed human
epidermis.
DISCUSSION
UVR induces a complex cellular response in the skin.
Studying such dynamic changes in vivo is challenging but
provides potential insight that is not possible with cultured
cell models or in vitro studies. Our current study examines the
in situ cellular and cytokine responses induced by UVR in a
cohort of 29 human subjects. Critical to our study of the cell
biology was the use of larger area skin samples from subjects
undergoing abdominal surgery to enable the identiﬁcation of
rare epidermal cell subsets. Because the UV exposure dose
was chosen to mimic daily life exposure during the summer,
our results reﬂect a physiologic response that has potential
clinical relevance to human disease risk.
Consistent with previous studies (Takashima and
Bergstresser, 1996; Teunissen et al., 2002), high amounts of
IL-6, IL-8, IL-10, and TNF-α were detected as early as D1 post
exposure. UVR activated inﬂammatory changes in keratino-
cytes with upregulation of the thrombospondin receptor
(CD36) (data not shown) and in LCs with upregulation of
CD80/CD86. Once activated, LCs appear to leave the
epidermis with LC numbers dropping by almost 50% of the
steady-state value at D4. LC depletion, which is attributed to
TNF-mediated migration from the epidermis to the dermis
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Figure 3. UVR-induced activation and depletion of Langerhans cells (LCs). (a) Epidermal cell suspensions were analyzed by ﬂow cytometry, and LCs were
deﬁned as viable CD45+ CD14− CD36− CD1ahigh CD207+ cells. (b) Time-course quantiﬁcation of LCs in exposed versus unexposed epidermis. Results are
expressed as the mean± SD ratio of the percentage of LCs in exposed (UV-LC) versus unexposed (C-LC) epidermal cells from the 27 volunteers. (c) CD86 and
HLA-DR expression proﬁle in gated LCs. Graphs show marker expression in a representative individual.
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(Yawalkar et al., 1998; Kolgen et al., 2002), was transient with
recovery to near pre-exposure numbers by D10. The
temporary fall in LC numbers may contribute to altered
immune surveillance in the epidermis post UVR, as well as
function as a stimulus for progressive monocyte inﬁltration.
The rapid epidermal recruitment of several leukocyte
subsets post UVR may impair adaptive immunity in the skin.
CD14+ monocytes were not found in normal epidermis but
were recruited to the epidermis beginning D1 post UVR and
remained elevated in the skin at D4, as seen with other studies
of UV-exposed skin (Kang et al., 1994, 1998). As the main
producers of IL-10 following UV exposure, these epidermal
monocytes have impaired antigen-presenting abilities and
are thought to be responsible for the immunosuppressive
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environment of sunburned skin. It remains unclear what
induces monocytes to inﬁltrate into the skin. In mice, it has
been demonstrated that several chemokines attract LC
precursors into the epidermis after LC depletion (Nagao
et al., 2012). In the present study, we were unable to detect
macrophage inﬂammatory protein 3α (CCL20) and 3β
(CCL19) in the blister ﬂuids (data not shown); however, this
does not rule out the possibility that these potent monocyte
chemokines could be acting at low local levels in the
epidermis or dermis below the limit of our assays. CD3+
T cells were found in normal epidermis (mean 5% of CD45+
epidermal cells) with a high variability among individuals.
UVR led to a strong but transient inﬂux of T cells with levels
up to 20% of CD45+ cells. Although the present study did
not analyze their phenotype, these T cells likely represent
suppressor/regulatory T cells that are found in normal human
epidermis under homeostatic conditions (Seneschal et al.,
2012) and have been reported to inﬁltrate the epidermis upon
UV exposure (Di Nuzzo et al., 1996).
Most importantly, we discovered the development of two
DC subsets that have not been previously characterized in
UV-exposed human skin. These CD1alow cell subsets are
phenotypically distinct from the CD1ahigh LCs and instead
exhibit features of so-called “inﬂammatory epidermal DCs”
that have been described in patients with various inﬂamma-
tory skin diseases (Novak et al., 2010; Guttman-Yassky et al.,
2011). Like these inﬂammatory DCs, both of the observed DC
subsets are CD45+ HLADR+ CD1c+ CD209− CD14− CD36+/−
CD1alow; only differential expression of CD207 distinguishes
the two cell phenotypes. We therefore identiﬁed the CD207−
subset as “IDECs” (for IDECs, analogous to the cells described
in atopic dermatitis epidermis) and named the CD207pos
subset “Pre-LCs”, a heretofore undescribed subset among
epidermal DCs. Notably, both IDECs and Pre-LCs can serve as
functional skin-resident DCs, as demonstrated by their ability
to prime an alloantigen-speciﬁc immune response.
In normal epidermis, only very few CD1a+ cells with an
IDEC or Pre-LC phenotype were found, although some
samples contained up to 2% of these cells (Figure 4a).
Following UVR exposure, IDECs were detected as early as D1
and peaked at D4, whereas Pre-LC numbers increased at D4
only, suggesting that IDECs could give rise to Pre-LCs. At D10,
only limited numbers of both DC subsets were still present in
UVR-exposed epidermis with concomitant recovery of LCs to
near-normal levels. The timing of appearance of these various
antigen-presenting cell subsets in UVR-exposed epidermis
parallels the decline in LCs and suggests a physiological
feedback phenomenon to compensate for the loss of LC.
Indeed, despite the emigration of LCs, the total number of
antigen-presenting cells found in the epidermis was almost
preserved from D7 to D10 post UVR, although the proportion
of the different subsets showed redistribution.
Although it is well established that the epidermal LC
network is maintained by a local slow proliferative renewal at
steady state (Merad et al., 2002; Chorro et al., 2009), the
renewal capacity of LCs during inﬂammation is still a matter
of debate. Our data suggest that monocytes that are rapidly
recruited in the epidermis give rise to LC through two
intermediate differentiation stages characterized ﬁrst by the
appearance of CD1a+ CD207− DC and then by the
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Figure 5. Correlations between the presence of monocytes, T lymphocytes, inﬂammatory dendritic epidermal cells (IDECs), and inﬂammatory Langerhans
epidermal cells (Pre-LCs) in UVR-exposed epidermis at day 1 (D1) and day 4 (D4). Spearman’s rank cross-correlations between the frequencies of monocytes,
T lymphocytes, IDECs, and Pre-LCs. Data are expressed as percentage of cells in the viable 7AAD− CD45+ cell populations extracted from the UV-exposed
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regression line.
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emergence of the CD1a+ CD207+ DC subset. The kinetics of
appearance of the different subsets support this model, and a
correlation was seen between the number of monocytes and
that of IDECs and Pre-LCs in the different samples at D4.
Moreover, a continuum in the phenotypes of the three
epidermal DC subsets is evident on FACS analysis
(Figure 4), and low levels of expression of CD1a are seen in
a small fraction of CD14+ monocytes at D1 and D4
(Figure 2c), suggesting the possible acquisition of IDEC and
Pre-LC developmental markers from monocyte precursors.
Other studies also provide support for a monocyte
precursor of LCs in human skin. Intriguingly, a study of
embryonic ontology suggests that human LCs arise from
CD36+DR+ DC progenitors that ﬁrst acquire CD1a and then
express CD207 after migration to the epidermis (Fujita et al.,
1991). In addition, DCs generated from circulating human
CD14+ peripheral blood monocytes in vitro follow a similar
differentiation pathway. Monocyte-derived DCs ﬁrst express
CD1a (using GM-CSF and IL-4) and can be further differ-
entiated into CD207+ LC-like cells upon addition of
transforming growth factor-β (Geissmann et al., 1998;
Guironnet et al., 2002). It remains unclear what factors are
produced in UV-irradiated skin that could boost the
subsequent differentiation from IDEC to Pre-LC. GM-CSF,
IL-4, and transforming growth factor-β were not detected in
blister ﬂuids but may have been present at low levels in the
tissue below our detection threshold. Therefore, we hypothe-
size that the generation ﬁrst of IDECs (D1 and D4), then of
Pre-LCs (D4), and ﬁnally of some LCs (D10) arises from the
monocytes that have been recruited into the epidermis at D1.
More direct evidence for this model requires in vivo labeling
and tracking of precursors, which is not feasible in human
subjects at this time. Future studies analyzing the transcrip-
tomic signatures of IDECs and pre-LCs, as well as character-
izing the fate of IDECs when integrated in three-dimensional-
reconstructed epidermis, may give important information on
the DC response to UV irradiation.
In conclusion, the present study brings to light two
functional inﬂammatory DC subsets that colonize UVR-
exposed epidermis and may contribute, as LC precursors, to
the progressive recovery of epidermal immune cell home-
ostasis. Examination of chemokine receptor expression and
transforming growth factor-β receptor expression will help
elucidate the differentiation pathway of these DC subsets. In
addition, determining the capacity of these cells to produce
IL-10 or induce Tregs would lend insight into their immuno-
modulatory potential. Further studies, especially of the Pre-LC
subset, will be needed to more precisely characterize these
cells in order to understand their functional role in the
recovering UV-exposed epidermis.
MATERIALS AND METHODS
We provide a brief description of the methods below, with additional
details in Supplementary Material and Methods online.
Human volunteers and experimental design
Two clinical studies were conducted to obtain epidermis and skin
ﬂuids from UV-exposed and unexposed control skin (Figure 1a). In
the ﬁrst study (Figure 1a, upper panel), 27 healthy male Caucasian
volunteers with type II/III skin phototypes were exposed on the right
buttock twice to a 1.5 minimal erythema dose at day 0 (D0) using a
1,000W xenon solar simulator (Oriel, Stratdford, CT) as previously
described (Peguet-Navarro et al., 2008). Suction blisters were
obtained by applying a low negative pressure (500–600mmHg for
90–120 minutes) over an area of 5 cm2. Suction blister epidermal
roofs and skin ﬂuids were collected from unexposed skin (left
buttock) at D7, D1, D4, and D10 and from UV-exposed skin (right
buttock) at D1, D4, and D10. A second clinical study was carried out
to obtain a large surface of skin to allow the collection of epidermal
cells in sufﬁcient quantity for functional and complete phenotyping
studies (Figure 1a, lower panel). Skin was obtained from 2 volunteers
undergoing abdominal plastic surgery at D4 post exposure to
2× 1.5 minimal erythema dose of UVR. UV-exposed and unexposed
skin samples were immediately processed to isolate epidermal cells.
Clinical studies were conducted in the Dermscan laboratories and
the Clinical Research Unit in Immunology at Lyon Sud Hospital
(Lyon, France), in accordance with the Declaration of Helsinki
Principles and its amendment. The study protocol was reviewed and
approved by an independent ethics committee (Lyon Berard, France),
and written informed consent was obtained from all study partici-
pants. See also Supplementary Material and Methods online.
Cytokine determination in skin blister ﬂuids
IL-1β, IL-4, IL-6, IL-8, IL-10, IL-12p40, IL-12p70, TNF-α, GM-CSF,
transforming growth factor-β, CCL2, CCL19 and CCL20 were titrated
3 H
Th
ym
id
in
e
in
co
rp
or
a
tio
n
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000
500
0
Donor 2Donor 1
4,000
5,000
6,000
7,000
3,000
2,000
1,000
0
T 
ce
lls
 a
lo
ne LC
s
LC
s
ID
EC
s
Pr
e-
LC
s
M
on
os
T 
ce
lls
 a
lo
ne LC
s
LC
s
ID
EC
s
Pr
e-
LC
s
M
on
os
Co
ntr
ol
Co
ntr
olUV UV
Cell subsets
Figure 6. CD1alow CD207- DC inﬂammatory dendritic epidermal cells
(IDECs) and CD1alow CD207+ DC inﬂammatory Langerhans epidermal cells
(Pre-LCs) show signiﬁcant in vitro allostimulatory functions. Epidermal cells
were collected from control (gray bars) and UV-exposed (black bars) skin
samples of two healthy volunteers at D4, stained, and analyzed by ﬂow
cytometry. Cells were gated as viable CD1ahighCD207+ LCs, CD1alow CD207-
IDECs, CD1alow CD207+ Pre-LCs, and CD1a-CD207-CD14+CD36+
monocytes and were puriﬁed by cytometry cell sorting and then added to
allogenic T cells from two different normal human blood donors for 6 days.
[H3]-thymidine was added during the last 18 hours of culture. Proliferation in
control cultures (without APC subsets) is also shown (white bars). Results are
expressed as count per minute (c.p.m.). The graphs show the Mean± SD
obtained from triplicate cultures of both healthy volunteers EC cultured with
allogeneic T cells from one donor and are representative of two independent
experiments. APC, antigen-presenting cell; EC, epidermal cell.
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in suction blister ﬂuids using a multiplex bead assay. See also
Supplementary Material and Methods online.
Epidermal cell suspensions
Epidermal cell suspensions were prepared as previously described
(Peguet-Navarro et al., 2008). See also Supplementary Material and
Methods online.
Antibodies
Antibodies used in the study are depicted in the Supplementary
Material and Methods online.
Flow cytometry analysis
The procedure is described in the Supplementary Material and
Methods online.
Mixed epidermal cell-lymphocyte reactions
Standard allogenic Mixed epidermal cell-lymphocyte reaction was
carried out using fresh epidermal hematopoietic cells subsets and
T cells puriﬁed from the peripheral blood of two unrelated allogeneic
healthy donors (EFS, Lyon, France). See also Supplementary Material
and Methods online.
Statistical analysis
The procedure is described in the Supplementary Material and
Methods online.
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